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Pressure balance system for variable air intake ramps - has 
enclosure behind ramps subjected to controlled pressure supplied by 
ram air and bleed vents in vehicle skin 

BRITISH AEROSPACE PLC 09. 09. 88-GB -021278 
(14.03.90) B64d-33/02 
15.08.89 as 308269 (1778MM) (E) No-SR.Pub R(DE FR GB) 
The variable air intake (10) has its intake opening (12) defined by a 
fixed forward ramp (13) and an intake lip (14) together with a series 
of interconnected ramp panels (16-18) which are pivoted together 
and moved across the opening as required by screw jacks (23, 24). 
An enclosure (25) behind the panels and bounded by a furtherm wall 
is thus a variable volume to which ram air pressure is fed and 
withdrawn via forward and rearward facing ducts (31, 32) in the 
vehicle wall. 

The air pressurem therein is controlled to reduce the induced air 
pressure load on ramps and jacks. 

USE /ADVANTAGE - Aerospace vehicles. Reduces the bulk and 
weight of the ramp actuators. (5pp Dwg.No.2/5) 
N90-059208 
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© Variable air intake ramps for aerospace vehicles. 

© The invention relates to engine air intakes for 
aerospace vehicles in which a variable geometry 
ramp system is employed for matching air intake 
flow to propulsion engine demand. To alleviate the 
induced high pressure loads on the ramps and the 
ramp actuators arising from the air intake flow a 
reacting pressure is applied to the opposite face of 
the ramps. The ramp assembly in addition to defin- 
ing the required air intake duct geometry further 
defines the adjacent boundary of an enclosure which 
is pressurised by ram air and vented as required as 
a function of the load on one of the ramp actuating 
jacks to give the desired load alleviation. 
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VARIABLE AIR INTAKE RAMPS FOR AEROSPACE VEHICLES 


This invention relates to engine air intakes for 
aerospace vehicles and more particularly to those 
intake systems comprising a fixed ramp and one or 
more adjustable ramps by which means air intake 
flow is matched to propulsion engine demand- 
Optimised matching of air intake flow to propul- 
sion engine demand is of particular importance if 
unacceptable performance losses, which may arise 
from drag due to spillage, shock waves etc. are to 
be avoided. This is especially the case in aero- 
space vehicles having wide ranging engine air re- 
quirements within the vehicles operating param- 
eters, which may be determined, amongst other 
things, by Mach number. As is well known in the 
art. the air intake flow requirements for a high 
performance engine are such that, at start up. or in 
the subsonic mode the cross-sectional area of the 
air intake duct must be large. At transonic speeds, 
typically M-1.5 the air intake demand will be of a 
lesser order whereas at speeds approaching M=5 
the captured air is more highly compressed, and 
consequently the intake throat cross-section, will be 
smalt. 

In order to achieve these wide ranging param- 
eters within a single system, it is known to provide 
two dimensional, variable, air intake ramps for high 
performance vehicles comprising a plurality of 
ramps, the most forward of which is fixed, a sec- 
ond ramp hinged at its front edge to the fixed ramp 
and third and subsequent ramps hinged to each 
other at their adjacent edges. The number of 
ramps is determined by the individual air intake 
configuration, relative movement of the ramp por- 
tions varying the air intake geometry. Actuators, for 
example irreversible screw jacks, interconnect with 
selected ramps by which means the ramp system 
is moved synchronously and automatically set by 
the air intake control system. 

One of the problems in this arrangement is that 
the intake' flow induces high pressure loads on the 
ramps and consequently on the ramp actuators. 
This results in actuators significantly sized to react 
these high pressures which may be undesirable or 
unacceptable in terms of bulk and weight. It is the 
object of the present invention to provide a variable 
air intake ramp arrangement including ramp pres- 
sure 1o$d compensating means, by which means 
actuator loads are reduced to an acceptable de- 
gree. 

Ac&jprding to the present invention there is 
provided a variable air intake ramp control arrange- 
ment for an aircraft propulsion engine, said air 
intake control arrangement comprising:- 
an air intake duct, variable geometry ramp means 
mounted within said air intake duct and movable to 


selected positions across said air intake duct for 
controlling the amount of air passing therethrough 
to match propulsion engine demand and actuator 
means for moving said ramp means and for reac- 

5 ting induced intake air pressure loads on said ramp 
means; characterised in that said ramp means, in 
addition to defining the fluid flow passageway of 
said air intake duct, further defines the adjacent 
boundary of an enclosure whose enclosed volume 

jo is variable as a function of the adjustment of said 
ramp means and includes ramp pressure load 
compensating means whereby for inducing a reac- 
ting pressure on said ramp means such that the 
induced intake air pressure load on said ramp 

15 means and said, actuator means is correspondingly 
alleviated. 

One embodiment of the invention will now be 
described, by way of example only, in which:- 

Figure 1 illustrates, in diagrammatic side ele- 
20 vation port side only drawn, an arrangement of 
variable air intake system. 

Figure 2 is a section through the air intake 
system viewed along a line H-M in Figure 1. 

Figure 3 depicts a schematic arrangement. 
25 in side elevation, of a variable air intake system at 
a particular operational setting. 

Figure 4 depicts the variable air intake sys- 
tem at an alternative setting. 

Figure 5 is a part side elevation on the 
30 intake viewed in direction of arrow 5 in Figure t . 

Referring to the drawings, Figure 1 illustrates a 
part side elevation on the air intake of the present 
invention and Figure 2 is a sectional view through 
the intake. This indicates that, in this embodiment it 
35 is an air intake arrangement mounted upon the side 
of the aerospace vehicle. Equally, however, it 
would be applicable to a chin-intake arrangement, 
ie. an intake mounted to the underside of an air- 
craft fuselage or wing. 
40 As clearly illustrated in Figure 2 the variable air 

intake 10 mounted upon a vehicle 11 includes an 
air intake opening 12 whose opening is defined by 
a fixed ramp 13 and an intake lip 14. An air intake 
flow splitter 15 is illustrated but not described fur- 
45 ther here. The air intake control system includes a 
variable ramp arrangement comprising a series of 
interconnected ramp panels, three in number, in- 
dicated as 16-18' inclusive on Figures 1 and 2. 
Pane! 13 includes a pivotal attachment 19 to the 
so fixed ramp 13 at its forward end and a pivotal 
attachment 20 at its rearward end to ramp panel 17 
which in turn is pivotally attached at 21 to the 
extreme rearward ramp panel 18 which terminates 
■ such that it slidably engages at 22 a guideway 35. 
Two irreversible screw-jacks 23 and 24 are moun- 
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ted within the enclosure 25 defined by the ramp 
elements 16-18 inclusive. Th screw jack 23 is 
pivotally attached at 26 to the vehicle side structure 
27 and to the ramp panel 16. A diaphragm 28 
extends from the jack ram 29 in a forwardly diag- 
onal direction and is similarly pivotally attached to 
the vehicle side structure 27. The screw-jack 24 
lies substantially in alignment with the guideway 35 
and is pivotally interconnected to the ramp panel 
18. It is supported at 30 off the vehicle side struc- 
ture 27. By means of these jack pairs, the geome- 
try of the air intake ramps may be varied in accor- 
dance with engine demand parameters to give the 
desired intake flow. The variable ramp arrangement 
further includes ram air inlet 31 and outlet 32, 
communicating with the enclosure 25. 

Although not illustrated here the forward zone 
34, that is the extreme forward portion of the enclo- 
sure 25 is permanently vented to the local external 
airstream. Figures 3 and 4 illustrate, by way of 
example, alternative settings of the intake ramps to 
meet particular requirements. Figure 3 illustrates 
the transonic M = 1.5 condition and Figure 4 the 
supersonic M = 5 condition. 

The principal object of the'present invention is 
to achieve reasonable jack loads, particularly rel- 
evant in this embodiment to the actuator 24 which 
drives the ramp panel 18 via its engagement in the 
guideway 35 and, by which means, in conjunction 
with actuation of the forward actuator 2, the ramp 
geometry is varied automatically in accordance 
with engine demand. The ramp pressures and con- 
sequently the actuator loads are alleviated to a 
substantial degree by pressurising the enclosure 
25 via the ram air inlet 31, which is actively con- 
trolled together with the exhaust outlet 32 as a 
function of the load on actuator 24. When de- 
manded, the enclosure 25 is vented via the outlet 
32 to the local external airstream. The extreme 
forward zone 34 is permanently vented to the local 
external airstream. 


Claims 

1 A variable air intake ramp control arrange- 
ment for an aircraft propulsion engine, said air 
intake control arrangement comprising:- 
an air intake duct, variable geometry ramp means 
mounted within said air intake duct and movable to 
selected positions across said air intake duct for 
controlling the amount of air passing therethrough 
to match propulsion engine demand and actuator 
means for moving said ramp means and for reac- 
ting induced intake air pressure loads on said ramp 
means; characterised in that said ramp means, in 
addition to defining the fluid flow passageway of 
said air intake duct, further defines the adjacent 


boundary of an enclosure whose enclosed volume 
is variable as a function of the adjustment of said 
ramp means and includ s ramp pressure load 
compensating means for inducing a reacting pres- 
s sure on said ramp means such that the induced 
intake air pressure load on said ramp means and 
said actuator means is correspondingly alleviated. 

2 A variable air intake control arrangement 
according to Claim 1 in which said ramp pressure 

io load compensating means comprises pressurising 
means, variable controllable as a function of said 
actuation means for pressurising said enclosure to 
induce said reacting pressure on said ramp means. 

3 A variable air intake control arrangement 
15 according to Claim 1 or Claim 2 in which said 

pressure load compensating means includes ram 
air inlet means, whereby a portion of external air- 
flow is diverted into and pressures said enclosure 
to induce said reacting pressure on said ramp 

20 means and air outlet means for venting excess 
pressure from said enclosure to the local external 
airstream. 4 A variable air intake arrangement for 
an aircraft propulsion engine, said air intake ar- 
rangement comprising:- 

25 an air intake duct, variable geometry ramp means 
mounted within said air intake duct and movable to 
selected positions across said air intake duct for 
controlling the amount of air passing therethrough 
to match propulsion engine demand, actuator 

30 means for moving said ramp means and for reac- 
ting induced intake air pressure loads on said ramp 
means, an air intake duct opening defined by a 
forward fixed ramp and an intake lip, variable ge- 
ometry ramp means comprising at least three inter- 
ns connected adjustable ramp panels, a first ramp 
panel having a forward pivotal attachment to said 
forward fixed ramp and a pivotal attachment at its 
rearward end to a second ramp panel, said second 
ramp panel pivotally attached at its rearward end to 

40 a third ramp panel said third ramp panel slidably 
engaging guideway means at its rearward end; said 
variable geometry ramp means further defining an 
enclosure in which is mounted first and second 
irreversible screw jacks pivotally attached to aircraft 

45 structure and to first and third ramp panels respec- 
tively, said enclosure further including ram air in- 
take means and first and second outlet means, said 
first air outlet means permanently vented to local 
external airstream adjacent the extreme forward 

so position of said variable geometry ramp means, 
said second air outlet means actively controlled 
together with said ram air intake means as a func- 
tion of load on said second irreversible screw jack. 
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